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THE GROWTH OF BOYS: DENTITION AND STATURE 
By LESLIE SPIER 

STUDIES of growth usually give measurements of individuals 
based on their actual or "chronological" ages and not on 
their physiological status. The following relations of stature 
to status as defined by dentition are based on plaster casts of the 
dental arches and measurements of some three hundred and fifty 
school-boys of Utuado, Porto Rico, collected by Professor Franz 
Boas in 1915. The method of treatment was suggested by Pro- 
fessor Boas. 

It has been shown 1 that the observed characteristics of curves of 
growth may be explained as due to variations in the period of 
development, i. e., to accelerations and retardations. Since the 
stage of development of a child, at any period, depends on the 
previous acceleration or retardation of its growth, which affects 
the body as a whole, it follows that all measurements of the child 
must vary together; either all values must be increased beyond the 
average of its age by acceleration or all depressed by retardation. 
The more rapid the rate of growth, the greater is the effect of varia- 
tion in period on all the measurements, that is, correlation between 
all measurements increases during the period of rapid growth and 
declines during the period of decreasing growth. The variation 
in period as expressed by a body measurement must be the vari- 
ation of period at which a particular physiological status is 
attained. We find, therefore, a correlation between observed 
physiological status and body measurements. Such a correlation of 
pubescence to stature, weight, strength of the right hand and to 
mental development as indicated by school standing has been 
shown by Crampton, 2 to head length and width and to width of 

1 Boas, Franz, and Wissler, Clark, "Statistics of Growth," Report of the Commis- 
sioner of Education for 1004 (Washington, 1905), pp. 25—132. 

2 Crampton, C. Ward, "Physiological Age — A Fundamental Principle," American 
Physical Education Review, vol. xm (Springfield, Mass., 1908), pp. 141, 214, 268, 345. 
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face by Boas, 1 and Deaver's data indicates the same relation of 
pubescence to strength of the forearms and shoulder retractors 
and to lung capacity. 2 We should expect a similar correlation of 
physiological development as indicated by dentition with stature. 

Crampton has demonstrated a correlation of dental develop- 
ment with stature and weight. Among 934 New York boys, at a 
certain age individuals were taller and heavier in proportion to the 
number of permanent canines and second molars they had erupted. 3 
In this study the eruption of corresponding upper and lower teeth is 
considered as a single phenomenon. However, there is usually 
an interval of about a year between their eruption; therefore, 
these results are somewhat invalidated. While the present series 
is smaller, about 350 individuals, the study has been extended to 
all the deciduous and permanent teeth. 

Physiological periods for the Porto Rican boys may be obtained 
from the data on dentition. The following tables show the number 

TABLE I 
Number of Deciduous Teeth Present 





Cases 


Upper Jaw 


Lower Jaw 


Age 


Inner 
Incisors 


Outer 
Incisors 


Canines 


First 
Molars 


Second 
Molars 


Canines 


First 
Molars 


Second 
Molars 


7 
8 
9 
10 
II 
12 
13 
14 
15 


25 

44 
38 

74, 

65 

56 

81 

84 

60 




7 
7 


18 

16 

3 

10 

2 

2 
I 


24 
31 
23 
31 
16 
7 
8 


22 
33 
17 
19 
11 

3 
3 


23 
36 
24 
47 
27 
10 

9 

1 


20 

24 

12 
18 

9 

2 
2 


19 
30 
15 
28 

7 
4 

4 


19 
29 
17 
30 
21 
10 
II 
I 



of deciduous and permanent teeth present among a total of all 
possible cases of teeth of each kind : teeth, not individuals, are the 
units. Permanent teeth protruding beyond the gums to any degree 

•Boas, Franz., "Changes in Bodily Form of Descendants of Immigrants," 
Reports of the Immigration Commission (Washington, 1911), pp. 38, 129-137. 

2 Deaver, G. Gilbert, "Strength and Lung Capacity in Relation to Pubescence," 
MS. International Young Men's Christian Association College, Springfield, Mass., 1912. 

8 Crampton, pp. 351-355. 
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are counted as erupted teeth. Any recognizable fragment of a 
deciduous tooth was counted. Recognition is difficult in plaster 
casts and mechanical causes operate more freely on the fragments 
than on permanent teeth, hence, the cables for deciduous teeth 
are not so smooth as for the permanent. 



TABLE II 
Percentages of Deciduous Teeth Present 





Upper Jaw 


Lower Jaw 


Age 


Inner 


Outer 




First 


Second 




First 


Second 




Incisors 


Incisors 


Canines 


Molars 


Molars 


Canines 


Molars 


Molars 


7 


29 


70 


96 


89 


93 


80 


77 


77 


8 


16 


37 


70 


76 


82 


55 


67 


65 


9 






9 


61 


46 


63 


32 


40 


45 


10 






14 


42 


26 


63 


24 


3« 


4i 


ii 






3 


24 


17 


42 


14 


11 


33 


12 








13 


5 


18 


4 


7 


18 


13 






2 


10 


4 


11 


2 


5 


13 


14 






I 






I 






1 


15 





















TABLE III 
Number of Permanent Teeth Present 





Cases 


Upper Jaw 


Lower Jaw 


Age 


Inner 


Outer 




First 


Second 




Sec- 




First Second 










In- 


In- 


Ca- 


Bicus- 


Bicus- 


First 




Ca- 






First 








cisors 


cisors 


nines 


pids 


pids 


Molars 


Molars 


nines 


pids 


pids 


Molars 


Molars 


7 


23 


9 


3 




I 




21 




4 






19 




8 


44 


37 


15 


9 


12 


4 


44 




16 


■ ■ 5 


I 


43 




9 


38 


38 


31 


II 


21 


10 


38 


3 


19 


15 


8 


36 


5 


10 


7i 


71 


57 


29 


46 


23 


71 


9 


50 


35 


21 


70 


12 


11 


65 


65 


62 


40 


54 


36 


65 


23 


49 


51 


38 


65 


31 


12 


54 


54 


54 


42 


5i 


43 


54 


34 


48 


44 


38 


54 


42 


13 


80 


80 


80 


71 


76 


70 


80 


64 


78 


76 


67 


80 


63 


14 


84 


84 


84 


81 


84 


83 


84 


80 


83 


83 


82 


84 


80 


15 


56 


56 


56 


56 


56 


56 


56 


53 


56 


56 


52 


56 


50 


16 


33 


33 


33 


33 


33 


32 


33 


33 


33 


33 


33 


33 


31 


17 


23 


23 


23 


23 


23 


23 


23 


22 


23 


23 


23 


23 


23 


18 


21 


21 


21 


21 


21 


21 


21 


20 


21 


21 


21 


21 


21 


19 


11 


11 


11 


II 


11 


11 


II 


II 


11 


11 


11 


II 


II 



These give, for the loss of the deciduous teeth and the eruption 
of the permanent teeth, the following average ages and variabilities : 
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TABLE IV 
Percentages of Permanent Teeth Present 













Upper Jaw 










Lower Jaw 






Age 


Inner 
Incisors 


Outer 

In- 
cisors 


Ca- 
nines 


First 
Bicus- 
pids 


Second 
Bicus- 
pids 


First 

Molars 


Sec- 
ond 
Molars 


Ca- 
nines 


First 
Bicus- 
pids 


Second 
Bicus- 
pids 


First 
Molars 


Sec- 
ond 
Molars 


7 


46 


13 




4 




93 




16 






84 




8 


84 


33 


20 


27 


8 


100 




36 


II 


2 


98 




9 


100 


82 


30 


54 


28 






9 


50 


40 


20 


95 


12 


10 






80 


41 


65 


32 






12 


70 


49 


29 


99 


17 


11 






96 


62 


83 


56 






35 


75 


79 


58 


100 


47 


12 






100 


77 


94 


79 






63 


88 


81 


70 






77 


13 










89 


95 


87 






80 


98 


95 


84 






79 


14 










97 


IOO 


99 






95 


99 


99 


98 






95 


IS 










100 




100 






95 


100 


100 


93 






90 


lb 














97 






100 






100 






94 


17 














100 






97 












100 


18 




















96 














19 




















100 















TABLE V 
Loss of the Deciduous Teeth 1 





Outer Incisors 


Canines 


First Molars 


Second Molars 




7.8 ± 1.6 


9-5 ± 2-5 
8.4 ± 2.2 


9.1 ± 1-9 
8.9 ± 2.2 


IO.3 ± 2.1 
9.2 ± 3.2 







TABLE VI 
Eruption of the Permanent Teeth 



Inner 
Incisors 



Outer 
Incisors 



Canines 



First 
Bicuspids 



Second 
Bicuspids 



Second 
Molars 



Upper. 
Lower . 



6.2 ±1.5 



8.5 ± 1.4 10.3 ± 2.2 9.2 ± 2.0 2 10.7 ± 2.0 2 12. 1 ± 1.7 
7.0 ±1.3 9-Q ± 2.3 9.9 ± 1.8 10.9 ± 2.0 11.4 ± 2.0 



1 Anterior-posterior lengths of permanent and deciduous upper teeth were inci- 
dentally obtained : 

Permanent inner incisor 8.6 ± 0.7 mm. 618 cases. 

outer " 6.5 ± 0.7 547 

first bicuspids 6.7 ± 0.5 158 

second " 6.4 ± 0.5 161 

Deciduous inner incisor 6.1 ± 0.4 16 

outer " 5.1 ±0.7 50 

2 Upper bicuspids appear earlier than the corresponding teeth of the lower jaw 
in a mixed series of 4,850 boys and girls collected by James and Pitts, Proceedings 
Royal Society of Medicine, vol. 5 (London, 1912), pp. 80-101, and in a similar series of 
about 4,000 boys and girls by Livy, British Medical Journal, vol. 11 (London, 1885), 
p. 241. 
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Foi comparison, we have average ages and variabilities for the 
eruption of permanent teeth of the upper jaw based on plaster casts 
collected by Dr. Walter Channing (probably of Boston school 
children). These averages 1 are based on the number of children 
having permanent teeth among the total number of children, e. g., 
a child with one or both permanent canines was counted as a child 
with permanent canines. Individuals, not teeth, are the units. 2 
The averages are not strictly comparable, since by this method 
slightly earlier average ages are obtained than by using the teeth 
as units. We have also separated first and second bicuspids on 
the same casts. 

TABLE VII 
Number of Upper Bicuspids Present 





Boys 


Girls 


Age 




First 


Second 




First 






Cases 


Bicuspids 


Bicuspids 


Cases 


Bicuspids 


Bicuspids 


6 


46 


I 




92 


4 


2 


7 


60 


I 




76 


12 


3 


8 


56 


12 


6 


60 


19 


9 


9 


84 


33 


16 


82 


41 


21 


10 


62 


39 


20 


65 


41 


22 


11 


46 


35 


25 


56 


36 


29 


12 


40 


32 


22 


44 


36 


26 


13 


24 


21 


16 


34 


32 


25 


14 


26 


25 


20 


20 


18 


16 


IS 








14 


1.4 


14 



TABLE VIII 
Percentages of Upper Bicuspids Present 





Boys 


Girls 


Age 












First Bicuspids 


Second Bicuspids 


First Bicuspids 


Second Bicuspids 


6 


2 




4' 


2 


7 


2 




16 


4 


8 


21 


II 


32 


IS 


9 


39 


19 


SO 


26 


10 


63 


32 


63 


34 


11 


76 


54 


64 


52 


12 


80 


55 


82 


59 


13 


87 


67 


94 


74 


14 


96 


77 


90 


80 


IS 






100 


100 



1 Statistics of Growth, p. 34. 

* Information from Dr. Clark Wissler. 
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The average ages and variabilities for the Charming Series are 
as follows: 



TABLE IX 



Inner 
Incisors 



Outer 
Incisors 



Canines 



First 
Bicuspids 



Second 
Bicuspids 



Second 

Molars 



Boys. 
Girls . 



7-5 ± i-4 
7.0 ± 1.6 



9-5 ± 2.1 
8.9 ± 2.1 



11. 2 ± 1.4 

11.3 ± 1.0 



9.4 ± 2.2 
9-5 ± 2-5 



11.4 ±2.9 
11. 2 ± 2.9 



13.2 ±2.0 
12.8 ±1.6 



As these figures stand, the Porto Rican boys appear to erupt their 
teeth as much as a year in advance of the Boston boys. However, 
the meaning of this difference is obscure, since Channing and 
Wissler found that a group of feeble-minded children erupted their 
canines and second molars a corresponding period in advance of 
the same Boston boys. 1 

TABLE X 

Boys Girls 

Canines 10.7 ± 1.4 10.0 ± 1.7 

Second molars 10.9 ± 1.9 11.8 ± 0.9 

If there is a correlation between physiological status and body 
measurements, then, at a certain age, those individuals accelerated 
beyond the average dental stage of their age should show a greater 
average stature than the remaining individuals. For example, 
eight-year-old boys with permanent upper canines are more de- 
veloped than their age-mates who lack these teeth ; as accelerated 
individuals, the group with canines should have an average stature 
greater than that of the group without canines. Similarly, a group 
lacking deciduous canines should be taller than a group of the same 
age with these teeth. 

In tables XI and xn are given the average statures and varia- 
bilities of boys separated on the basis of the presence and absence 
of the deciduous teeth and the absence and presence of the perma- 
nent teeth, tooth by tooth. 

1 Channing, Walter, and Wissler, Clark: "The Hard Palate in Normal and Feeble- 
Minded Individuals," Anthropological Papers, American Museum of Natural History, 
vol. 1 (New York, 1908), pp. 316-319. 
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These data, together with a few cases referring to teeth not 
tabulated, are averaged below for corresponding values for the 
upper and lower jaws separately and finally together (table xm). 
This is in effect simply weighting the stature of each individual 
according to his dental pattern. 

After the ninth year the average statures of the two groups differ, 
the absolute difference increasing to the fourteenth year (see 
particularly the last two columns). These values show that there 
is a functional relation between stature and physiological status as 
defined by dentition. 

For comparison, the upper bicuspids of boys and girls of the 
Channing series have been treated in the same manner with regard 
to stature and weight (tables xiv and xv). 

TABLE XIV 
Stature of Children with Upper Bicuspips Absent and Present 





Boys 


Girls 


Age 


First Bicuspids 


Second Bicuspids 


First Bicuspids 


Second Bicuspids 




Absent 


Present 


Absent 


Present 


Absent 


Present 


Absent 


Present 


7 
8 

9 
10 
11 
12 
13 










Il62±44 
I2l6±44 
I250±55 
1296+67 
1323+68 
1335 ±56 


1200 ±46 
I2i6±43 
1292 ±84 
1318 ±64 

I35I±75 
1423 ±73 






1229 ±47 
1267 ±59 
1334 ±68 

1373 ±73 

1374 ±74 


I244±73 
1282 ±54 
I3I9±62 
I3I9±9I 
1399 ±84 


1232 ± 53 
1297 ± 66 
I3I0± 59 
1348 ± 69 
I38l± 83 

1438 ±122 


I23I± 60 
I286± 47 
1339 ± 65 
I3I9±I03 
1405 ± 86 
1433 ± 89 


I2I7± 44 
I264± 61 
131 1 ± 68 
1329 ± 80 
I374± 80 
1448 ±118 


I2I4± 44 
1292 ±107 
I3I2± 63 
I35i± 67 

1430 ± 67 
I527± 56 











This smaller series gives affirmative results for both statures 
and weights. 

TABLE XV 

Weight of Children with Upper Bicuspids Absent and Present 
(Weight in Pounds Avoirdupois) 





Boys 


Girls 


Age 


First Bicuspids 


Second Bicuspids 


First Bicuspids 


Second Bicuspids 




Absent 


Present 


Absent 


Present 


Absent 


Present 


Absent 


Present 


7 










54-7 ± 7-1 
56.0 ± 7.7 

54-9 ± 5-9 
62.0 ± 8.8 
65.o± 8.1 
65.2 ±10.9 


58.2 ± 6.0 
54-4 ± 5-2 
60.2 ±10.0 
63.2 ± 8.9 
64.7 ± 7.7 
77-3±i2.7 






8 
9 

IO 

II 

12 
13 


54-8 ± 7-4 
60.0 ± 9.6 
61.9 ± 6.9 
68.8 ±14.3 
66.4±II.7 


58.7 ± 5-2 

58.8 ± 7.6 
62.6 ± 7.5 
68.6 ± 7.3 
7I.5±I2.4 


55-3 ± 7-2 
57-7±io-3 
60.8 ± 6.4 
66.2±n.3 
67.7 ± 3.0 
76.3 ± 91 


57-8 ± 6.2 
60.8 ± 8.2 
65.7± 7.9 
70.8 ± 6.6 
73-2 ±12.3 
79.1 ±18.4 


56.1 ± 7-1 
56.1 ± 7.2 
62.9± 9.1 
64.6± 7.9 
73-2±i6.i 
89.3 ±22.3 


52.3 ± 4-6 
6i.5±ii.i 
6l.4± 8.5 
65.1 ± 8.1 
76.0 ±10.8 
89.5 ±20.8 
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Having shown that variations in stature correspond to varia- 
tions in the period of physiological development, we can obtain 
an insight into the character of the variations in period by con- 
sidering each measurement as corresponding to the age to which 
it would belong according to the table of average statures for all 
boys (table xvi). 

TABLE XVI 
Statures and Weights of All Boys and Girls 









Channing Series 


Age 


Porto Kican Koys 


Boys 


Girls 




Cases 


Stature 


Cases 


Stature 


Weight 


Cases 


Stature 


Weight 


6 


14 
26 
23 
39 
37 
30 
42 
47 
32 
18 

14 

12 

6 




23 
30 

27 
40 

33 
21 
21 
12 
12 


H3I±38 
1 165 ±60 
1232 ±53 
1273 ±57 
1323 ±63 
1332 ±89 
1394 ±81 
I434±98 
I552±85 


52.1 ± 8.5 
53-6± 7-5 
55-6 ± 7-0 
59-5 ± 8.7 
62.3 ± 7.3 
68.7 ± p. 2 
70.7 ±12.3 
78.2±i5.8 
88. 1 ± 3.0 


46 
39 
31 
42 

34 
30 
22 
16 
9 
7 


1 1 26 ±43 
1 168 ±45 
I2i6±43 
I27i±73 
I3I0±65 
1340 ±73 
1407 ±77 
1 506 ±97 

1 541 ±99 
1599 ±53 


5I-3± 6.5 
55-3 ± 7.0 
55.5 ± 7-0 
57-5 ± 8.6 

62.8 ± 8.8 

64.9 ± 7.9 

75-1 ±130 

89.5 ±20.8 

99-9 ±30.7 

I08.0± 4.1 


7 
8 

9 

10 

n 

12 

13 

14 
15 


II44± 56 
"79 ± 53 
I254± 45 
I275± 68 
I3H± 57 
I38i± 75 
1386 ± 82 
1468 ± 90 
I5I9±I02 
i57i± 66 
1602 ± 62 
i627± 87 
1620 ± 45 


T6 




17 






t8 






!9 

















Confining our attention to the final values for Porto Rican boys 
(last two columns of table xm), we can interpolate in this table for 
example for 1303 for stature and find 10.8 as the age for the corre- 
sponding average stature. 

TABLE XVII 

Permanent Absent Permanent Present 

Age Deciduous Present Deciduous Absent 

7 7-0 7.0 

8. 8.0 8.0 

9 8.9 9.3 

10 9-3 10.2 

11 10.3 1 1.2 

12 11 .5 12.7 

13 10.8 13. 1 

These ages obtained by dentition and stature probably differ more 
from the corresponding chronological ages than would ages obtained 
on the basis of stature alone. 
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At the beginning of the period of rapid increase in the rate of 
growth, the accelerated individuals must be growing at a higher 
rate than the retarded individuals of the same chronological age 
but who have not yet entered into the period of rapid growth. 
Conversely, at the end of the period of rapid growth, the accelerated 
individuals must grow at a slower rate than the retarded. Conse- 
quently, at the beginning of the period, accelerated individuals 
must vary more than retarded individuals from the average of their 
age and less at the end of the same period. We have compared 
below the variabilities of the retarded and accelerated groups of 
each age. 

TABLE XVIII 



Age 


Retarded Group 


Accelerated Group 


Difference 


7 


52 


56 


+ 4 


8 


49 


56 


+ 7 


9 


41 


45 


+ 4 


10 


61 


68 


+ 7 


11 


61 


54 


- 7 


12 


71 


74 


+ 3 


13 


90 


76 


-14 



While the results are not marked, the accelerated group varies 
more than the retarded group at the beginning of the period of 
rapid increase of the rate of growth, but less at the end of the same 
period. The converse holds true for the retarded group. From 
another point of view the increased variabilities in stature for 
both accelerated and retarded groups may be an expression of a 
different rate of development from that of dentition. If this is so, 
the greater the degree of acceleration or retardation of dental 
development, the greater will be the variations in stature. 1 

These data show that there is a marked functional relation 

between stature and stage of dental development. Variations in 

stature, aside from such as are due to heredity and perhaps to 

other causes, are then expressions of variations in the period at 

which certain stages of development are reached. 

American Museum of Natural History, 
New York City 



1 Boas, Franz, "The Growth of Children," Science, n. s„ vol. xxxvi, no. 937, p. 817. 



